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ABSTRACT

Gallic acid (GA; 3,4,5-trihydroxybenzoic acid) is a
naturally occurring phenolic compound that can be
found in a wvariety of plant-derived products,
including tea, medicinal plants, fruits, vegetables,
and vegetables. GA has received a lot of attention as
a multifunctional bioactive molecule with numerous
pharmacological and industrial applications due to
its distinctive chemical structure and potent
antioxidant properties. This review comprehensively
summarizes the natural occurrence, physicochemical
characteristics, structural activity relationship,
extraction and analytical methods, metabolism,
bioavailability, safety profile, and therapeutic
potential of GA. Current evidence demonstrates
that GA exhibits diverse biological activities,
including antioxidant, anti-inflammatory,
antimicrobial, antiviral, anticancer, antiplatelet, anti-
apoptotic, neuroprotective, hepatoprotective,
immunomodulatory,  antidiabetic, and  anti-
melanogenic effects. =~ Modulation of oxidative
stress, inflammatory signalling pathways, apoptosis,
immune responses, and cellular metabolism is how
these pharmacological properties are mediated. New
research also supports the therapeutic potential of
GA for treating chronic metabolic disorders by
highlighting its beneficial effects on gut microbiota
regulation and metabolic homeostasis. Poor
bioavailability, rapid metabolism, limited stability,
and insufficient human clinical studies continue to
impede GA's clinical translation in spite of these
promising findings. In order to improve its
pharmacokinetic profile and therapeutic efficacy,
novel delivery systems and structural modifications
have been investigated. Overall, GA represents a
promising natural compound with significant
potential for applications in pharmaceuticals,
nutraceuticals, functional foods, and complementary
medicine. Future research should prioritize
optimization of delivery strategies, comprehensive
clinical evaluation, and long-term safety assessment
to facilitate the translation of preclinical evidence
into effective clinical applications.
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I. INTRODUCTION

Gallic acid (GA), chemically known as
3.,4,5-trihydroxybenzoic acid, was first identified by
the Swedish chemist Carl Wilhelm Scheele in 1786
during his investigation of a sour-tasting grey
precipitate obtained from oak apple extract.
Although the importance of GA was not fully
appreciated at that time, it is now recognised as an
important naturally occurring phenolic acid with
diverse biological properties and applications in
several industrial fields [1,2].

GA is a naturally occurring
hydroxybenzoic acid belonging to the non-flavonoid
group of polyphenolic compounds. It has the
molecular formula C;HsOs and is characterised by
three hydroxyl groups at the 3, 4, and 5 positions of
its aromatic ring. GA occurs naturally in a wide
variety of edible and medicinal plants, including gall
nuts, tea leaves, oak bark, blueberries, grape seeds,
rose flowers, sumac, witch hazel, and Syzygium
cumini. It has also been identified as an important
bioactive phytochemical in medicinal plants such as
Sanguisorba officinalis L., Punica granatum L., and
Terminalia chebula Retz. [3]

Beyond its natural occurrence, GA has
several industrial and pharmaceutical applications. It
serves as an important precursor in the commercial
production of the antimicrobial drug trimethoprim.
Its  free-radical-scavenging and  antioxidant
properties also support its use as a preservative to
protect food and beverages against oxidative
deterioration [4]. In cosmetic products, GA has
attracted interest because of its potential protective
effects against ultraviolet (UV)-induced damage and
its astringent properties. It has also been utilised in
the brewing and wine industries as a clarifying agent
[5]-

In plants, the biosynthesis of GA is
associated with the shikimate pathway, which
produces aromatic amino acids that act as precursors
for numerous secondary metabolites. These include
coumarins,  alkaloids, lignans, and other
polyphenolic compounds. However, the precise
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biochemical pathway responsible for GA
biosynthesis in higher plants remains incompletely
understood.

From a production perspective, GA can be
obtained through the hydrolysis of tannin-rich
materials, particularly gallotannins, ellagitannins,
and tannic acid [6]. Various chemical and biological
approaches have been explored for its production,
including acidic, alkaline, biological, and enzymatic
processes. Enzymatic hydrolysis of tannic acid using
inducible hydrolases from Enterobacter species has
also been investigated as an alternative method for
GA production [7].

The combination of its natural abundance,
distinctive chemical structure, diverse biological
activities, and broad industrial applications has
made GA an important subject of pharmaceutical

anticancer, antimicrobial, neuroprotective, and other
biological properties has further highlighted its
potential as a multifunctional bioactive compound.
However, limitations related to  stability,
bioavailability, metabolism, and targeted delivery
remain important considerations for its therapeutic
development.

II.  Natural Occurrence of Gallic Acid

Gallic acid is naturally present in a wide
range of fruits, plant materials, and beverages. Its
concentration varies considerably among different
plant sources and may be influenced by factors such
as species, cultivar, geographical origin, maturity,
environmental conditions, processing, and the
analytical method employed. The reported
concentrations of gallic acid in selected natural
sources are presented in Table 1.

Table 1. Natural Occurrence of Gallic Acid

and biomedical research. Increasing evidence

regarding its antioxidant, anti-inflammatory,
PROPERTY NAME CONTENT
Raspberry 19-102mg/kg
Strawberry 21-89mg/kg
Grape juice,black 79mg/kg
Grape juice,green 110mg/kg
Blackberry 8—67mg/kg
Black currant 30-62mg/kg
White currant 3-38mg/kg
Evening primrose 15 (36) mg/kg
(Oenotherabiennis)

Hazelnut (Corylusavellana) 1 (5) mg/kg
The occurrence of GA differs substantially
among the investigated sources. Berries, particularly
raspberry, strawberry, and blackberry, have been
reported to contain appreciable amounts of gallic
acid, although considerable variation in
concentration has been observed. Grape juices also
represent notable sources, with green grape juice
showing a higher reported concentration than black
grape juice. In contrast, comparatively lower levels
have been reported in hazelnut and white currant.
These variations may reflect differences in plant
species, cultivar, growing conditions, maturity,
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processing, and analytical procedures used for
quantification.

III.  Physicochemical Properties of Gallic
Acid

GA:is a naturally occurring hydroxybenzoic
acid belonging to the non-flavonoid group of
polyphenolic compounds. Its characteristic structure
contains hydroxyl groups at the 3, 4, and 5 positions
of the aromatic ring. The major physicochemical
properties of GA are summarized in Table 2 [12-15].
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Table 2. Physicochemical Properties of Gallic Acid
PROPERTY NAME PROPERTY CHARACTERISTICS
HO
O
Chemical structure HO
OH
HO
Molecular formula CsHsOs
Molecular weight 170.12 g/mol
CAS number 149-91-7
Physical state Solid
Appearance Fine crystals; white, yellowish-white, or pale fawn-colored
Melting point 250-253 °C
Odor Odorless
Solubility in water 12 g/L (20 °C)
Log P 0.7
5000 mg/kg (rabbit)
LDso (median lethal dose) 4300 mg/kg (rat, ip.)
320 mg/kg (mouse, i.v.)

Note: The gallic acid structure shown is the 2D structure of 3,4,5-trihydroxybenzoic acid.

IV.  Derivatives of Gallic Acid

GA undergoes esterification with different
alcohols to form a variety of alkyl gallates, which
are  important  derivatives  with  distinct
physicochemical and  biological  properties.
Commonly reported alkyl gallates include methyl
gallate (MG), propyl gallate (PG), octyl gallate
(OG), dodecyl gallate (DG), tetradecyl gallate (TG),
and hexadecyl gallate (HG). Structural modification
of gallic acid through esterification can alter
properties such as lipophilicity, solubility, stability,
and Dbiological activity. Consequently, these
derivatives have received considerable attention for
their potential antioxidant, antimicrobial, anti-
inflammatory, and other  pharmacological
applications[16-18]

V.  Structural Activity Relationship

HO

HO
OH

HO

GA, chemically identified as 3,4,5-
trihydroxybenzoic acid, possesses structural features
that contribute substantially to its antioxidant and
biological activities. The molecule contains three
hydroxyl groups positioned at the 3, 4, and 5
positions of the aromatic ring together with a
carboxyl group. The number and arrangement of
these hydroxyl groups influence the electron- and
hydrogen-donating  ability of GA, thereby
contributing to its free-radical-scavenging and
reducing capacity [19,20,21]. The phenolic hydroxyl
groups can also participate in interactions with
reactive species and contribute to the inhibition of
oxidative processes, including lipid peroxidation
[22].
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The hydroxyl and carboxyl functional
groups of GA provide reactive sites that can
participate in interactions or conjugation with other
molecules. Such structural modifications may alter
the physicochemical and biological properties of GA
and can potentially enhance its antioxidant
performance [23]. However, despite its favorable
chemical structure and biological activity, GA has

limitations related to its stability and bioavailability,
which may restrict its therapeutic application.
Consequently,  structural  modification  and
conjugation with suitable molecules, including
polysaccharide-based systems, have  been
investigated as potential approaches for improving

Table 3: Structural Activity Relationship of GA

Structural feature of GA Functional
significance

Three hydroxyl groups at the = Facilitate hydrogen-

3,4, and 5 positions and electron-donation

reactions
Arrangement of hydroxyl Influences redox
groups on the aromatic ring | behaviour

stabilisation of reactive

intermediates
Phenolic hydroxyl groups
oxygen species
other free radicals

Carboxyl group Provides a functional
site for  molecular
interactions

chemical modification

Hydroxyl and
functional groups

carboxyl = Provide sites

molecules

Interact with reactive

conjugation with other

Overall phenolic structure

Determines interactions
with reactive species
and contributes to redox

activity
Structural Alters molecular and
modification/conjugation physicochemical
characteristics

5.1 SAR Interpretation

The SAR of GA therefore indicates that its three
phenolic hydroxyl groups are central to its
antioxidant activity, while the carboxyl group and
hydroxyl groups provide opportunities for
structural modification and conjugation. These
structural  characteristics  help  explain  the
multifunctional biological behaviour of GA. At the
same time, the limitations associated with stability
and bioavailability demonstrate that biological
potency alone may not be sufficient for effective
therapeutic application. Therefore, rational structural
modification and appropriate delivery strategies are
important for translating the biological activity of
GA into therapeutic applications [24,25]

the stability, bioavailability, and biological
performance of GA [24,25].

Associated References
biological/physicochemical effect

Contribute to free-radical- | [19,20,21]
scavenging and antioxidant

activity

Supports reducing and radical- [19,20,21]
scavenging capacity

Contribute to protection against [21,22]

oxidative processes and lipid
peroxidation

Enables conjugation and structural = [23]
modification of GA

May modify and potentially [23]
improve antioxidant and
physicochemical properties

Underlies several antioxidant and & [19-22]
biological effects of GA
May improve stability and [24,25]

bioavailability,
limitations of free GA

addressing

VI THERAPEUTIC AND
PHARMACOLOGICALACTIVITIES OF
GALLIC ACID

6.1 Anti-Inflammatory Activities

GAhas demonstrated notable anti-inflammatory
effects, which are partly mediated through
suppression of the nuclear factor kappa B (NF-xB)
signaling pathway. As a key regulator of
inflammatory responses, inhibition of NF-«xB
activation by GA may contribute to the reduction of
pro-inflammatory signaling and inflammatory
mediator production [26,27]. By modulating this
pathway, GA may help attenuate the excessive
inflammatory responses associated with various
pathological conditions. These findings highlight the
potential of GA as a promising natural compound
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for regulating inflammation and support further
investigation of its therapeutic applications in
inflammation-related disorders.

6.2 Anti-Platelet Activities

Platelet activation and aggregation play an
important role in the development and progression
of atherosclerotic and thrombotic cardiovascular
disorders [28]. GAhas been reported to exert
antiplatelet effects by suppressing platelet and
leukocyte aggregation and reducing the expression
of P-selectin (CD62P). These effects appear to
depend on the concentration of GA, suggesting a
dose-related influence on platelet function.
Furthermore, GA may interfere with platelet
activation by limiting the elevation of intracellular
calcium levels and reducing phosphorylation of
proteins involved in platelet signaling.

Overall, these findings suggest that GA may
modulate key cellular events involved in platelet
activation and aggregation, highlighting its potential
as a bioactive compound with cardiovascular
protective properties. However, further in vivo and
clinical investigations are required to establish its
efficacy and therapeutic relevance in cardiovascular
disease.

6.3 Anti-Apoptotic Activities

Gallic acid (GA) has demonstrated dose-dependent
anti-apoptotic effects, particularly in dopaminergic
cells exposed to 6-hydroxydopamine, an agent
capable of inducing oxidative stress and apoptosis.
GA has been reported to attenuate apoptosis by
modulating intracellular glutathione levels, reducing
excessive ROS generation, and limiting calcium
(Ca?") influx [29]. These effects suggest that GA
may help preserve cellular integrity by regulating
oxidative stress and intracellular signaling events
associated with apoptotic cell death.

Overall, the ability of GA to counteract oxidative
stress, maintain glutathione homeostasis, and
regulate calcium influx highlights its potential
neuroprotective and  anti-apoptotic  properties.
Further studies are required to clarify the molecular
pathways involved and determine the therapeutic
relevance of these effects in vivo.

6.4Anti-Microbial Activities

GA exhibits broad-spectrum antimicrobial activity
against a variety of pathogenic and food-associated
microorganisms. Its antibacterial activity has been
reported  against  Salmonella  Typhimurium,
Escherichia coli, Staphylococcus aureus, Listeria
innocua, Helicobacter pylori, Campylobacter spp.,

and Pseudomonas spp. The antibacterial effects of
GA are thought to involve disruption of bacterial
cell membranes, leading to alterations in membrane
permeability, pore formation, membrane rupture,
and changes in surface charge. These membrane
disturbances can promote the leakage of essential
intracellular components and consequently impair
bacterial viability [30,31].

GA has also demonstrated antifungal activity against

several dermatophyte species, including
Trichophyton rubrum, Trichophyton
mentagrophytes, Trichophyton violaceum,

Microsporum canis, Trichophyton verrucosum, and
Trichophyton schoenleinii. Activity has also been
reported against Candida species, including
Candida glabrata, Candida albicans, and Candida
tropicalis [32]. In addition to its antibacterial and
antifungal effects, GA has shown potential antiviral
activity, with studies reporting inhibitory effects
against influenza A (HIN1) virus infection and
hepatitis B virus (HBV) activity [33,34].

Overall, the antibacterial, antifungal, and antiviral
activities of GA highlight its broad-spectrum
antimicrobial potential. Its capability to disrupt the
integrity of microbial membranes and to inhibit
various classes of microorganisms suggests potential
applications in the biomedical, food, and
pharmaceutical industries. However, further studies
are required to clarify its precise antimicrobial
mechanisms, effective concentrations, toxicity, and
clinical applicability.

6.5 Anticancer Activitiy

The anticancer potential of GA has been extensively
investigated across different cancer models. GA has
been reported to inhibit the growth and survival of
several cancer cell types, including lung, cervical,
oral squamous, prostate, melanoma, leukaemia,
lymphoma, colorectal, pancreatic, and breast cancer
cells. Its antitumor effects have been associated with
multiple cellular mechanisms, including modulation
of ROS, impairment of mitochondrial function,
regulation of pro-apoptotic and anti-apoptotic
proteins, modulation of oncogenic signalling and
inhibition of matrix metalloproteinases [35,36].

The anticancer activity of GA may also be enhanced
when combined with other therapeutic approaches.
Khorsandi et al. [37] reported that infrared laser
irradiation increased the anticancer effects of GA
against human breast cancer and melanoma cells.
The combined treatment promoted cancer cell death
through the activation of apoptosis and ferroptosis,
an iron-dependent form of regulated cell death.
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GA has ability to interfere with multiple pathways
involved in cancer cell proliferation, survival, and
programmed cell death, highlighting its potential as
a promising natural anticancer agent. However, most
available evidence is derived from preclinical
studies, and further investigations are required to
establish its safety, efficacy, pharmacokinetic
properties, and therapeutic applicability in humans.

6.6Anti-Melanogenic Activity

GA has also demonstrated anti-melanogenic activity
through its ability to interfere with melanin
biosynthesis. Kim [38] reported that GA can inhibit
tyrosinase, a key enzyme involved in melanin
production, thereby reducing melanin synthesis.
This activity suggests that GA may have potential
applications in managing hyperpigmentation and in
cosmetic formulations aimed at regulating skin
pigmentation.

GA also has an inhibitory effect on tyrosinase and
melanin formation, indicating its potential as a
natural skin-lightening and anti-melanogenic agent,
although further studies are needed to establish its
efficacy and safety for clinical and cosmetic
applications.

6.7Diabetic Cardiovascular Complications

GA has demonstrated potential in attenuating
cardiovascular complications associated with
diabetes, particularly diabetic cardiomyopathy.
Experimental studies have shown that GA can
improve cardiac electrophysiological abnormalities
and reduce arrhythmias during reperfusion in
models of alloxan-induced diabetes. It has also been
reported to alleviate cardiac hypertrophy and left
ventricular dysfunction associated with ischemia—
reperfusion injury in diabetic animals. Furthermore,
GA may contribute to the improvement of
endothelial dysfunction and hypotension in diabetes
through modulation of circulating microRNAs,
including miR-24 and miR-126. .[39]

These findings indicate that GA may provide
cardiovascular protection under diabetic conditions
by influencing cardiac function, vascular endothelial
responses, and molecular regulatory pathways.
Further investigations are required to establish its
therapeutic effectiveness and clinical relevance in
diabetic cardiovascular complications.

6.8 Neuroprotective and Neurodegenerative
Effects

GA, owing to its strong antioxidant properties, has
attracted considerable interest as a potential
neuroprotective compound in neurodegenerative

disorders, including Alzheimer's and Parkinson's
diseases. Its ability to counteract free-radical-
mediated cellular damage may contribute to
protection against oxidative stress and neurotoxicity
associated with neuronal injury. Experimental
studies have indicated that GA can protect neuronal
cells through modulation of antioxidant enzyme
activity, neuroinflammatory cytokines, intracellular
calcium (Ca?") levels, and ROS generation [40].

GA has also been reported to interact with
amyloidogenic proteins, which may contribute to its
neuroprotective effects. Studies have demonstrated
that GA can interfere with semen-derived amyloid
fibrils and reduce HIV-1 infection [41]. In addition,
its interaction with a-synuclein has been associated
with inhibition of amyloid fibril formation,
suggesting a possible protective role against
processes involved in the progression of Parkinson's
disease [42]. These findings indicate that GA may
exert neuroprotective effects through multiple
mechanisms, including antioxidant, anti-
inflammatory,  calcium-regulatory, and anti-
amyloidogenic activities.

6.9 Antidiabetic Renal Protection / Diabetic
Nephropathy

GA has also shown protective effects against renal
complications associated with diabetes and
oxidative stress. Its free-radical-scavenging activity
and ability to enhance intracellular antioxidant
defences may contribute to protection against
chemically induced kidney and liver toxicity. In
experimental models of methylglyoxal-induced
diabetic nephropathy, GA improved oxidative stress
and modulated microRNAs associated with
endoplasmic reticulum stress and renal fibrosis. GA
treatment was also associated with reductions in
serum creatinine, blood urea nitrogen, and albumin
levels, together with improved creatinine clearance
and reduced expression of transforming growth
factor-B1 (TGF-B1) in type I diabetic nephropathy
models.

Collectively, these findings suggest that GA may
protect against diabetic renal injury by reducing
oxidative stress and influencing molecular pathways
involved in renal fibrosis and cellular stress.
Nevertheless, additional studies are required to
determine whether these preclinical effects can be
translated into clinically meaningful protection
against diabetic nephropathy.[39]

6.10 Hepatoprotective Effects and Liver Injury
GA has demonstrated hepatoprotective effects
against different forms of chemically and
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metabolically induced liver injury. In an
experimental model of  diclofenac-induced
hepatotoxicity, GA reduced hepatic damage by
strengthening antioxidant defence mechanisms and
suppressing the expression of the pro-inflammatory
cytokine gene IL-1f [43]. Oral administration of GA
has also been reported to reduce hepatic lipogenesis
and improve hepatic steatosis and metabolic
disturbances in obese mice [44]. Furthermore, gallic
acid and ferulic acid demonstrated hepatoprotective
and antioxidant effects against thioacetamide-
induced liver fibrosis in rats.

6.11 Gallic Acid in Diabetic Therapy

GA and its derivatives exhibit antioxidant and free-
radical-scavenging properties that may contribute to
the regulation of inflammation, apoptosis, and
oxidative stress under various pathological
conditions. GA has demonstrated antihyperglycemic
effects, which have been associated with its
antioxidant and anti-inflammatory activities. In
addition, GA obtained from E. officinalis fruit juice
has been reported to improve insulin sensitivity and
contribute to glucose homeostasis in adipocytes
[45].

The antidiabetic activity of GA may also involve
modulation of tumour necrosis factor-alpha (TNF-a)
and adipocytokine expression. Furthermore, GA has
been reported to preserve pancreatic B-cell function
by reducing caspase-9-associated cellular apoptosis.
Its protective effects against glyoxal-induced
cellular damage have also been demonstrated
through the reduction of decreased renal cell
viability, membrane disruption, ROS generation,
lipid peroxidation, mitochondrial —membrane
potential loss, and lysosomal membrane leakage,
thereby contributing to the inhibition of advanced
glycation-related damage.

The available findings indicate that GA may exert
antidiabetic effects through multiple complementary
mechanisms, including attenuation of oxidative
stress and inflammation, improvement of insulin
sensitivity, protection of pancreatic B-cells, and
prevention of glycation-associated cellular injury.
These properties highlight the potential of GA as a
multifunctional bioactive compound for addressing
diabetics and its associated complications.

6.12 Effects of GA on Gut Microbiota (GM) and
Metabolism

Metabolomic analyses of rat plasma, liver, urine,
and faecal samples using NMR spectroscopy have
demonstrated that GA intake can influence several
metabolic pathways. GA was associated with

alterations in glycogenolysis, glycolysis, and the
TCA cycle, along with changes in nucleotide,
choline, bile acid, and amino acid metabolism [46].
In addition, increased concentrations of faecal
propionate and butyrate, together with reductions in
pyruvate, 2-ketoglutarate, lysine, alanine, and keto-
acids, suggest that GA may influence the
fermentation of proteins and polysaccharides by the
GM [47].

These findings indicate that GA may interact with
the GM and influence host metabolic processes,
suggesting a potential role in the regulation of
metabolic homeostasis. Further research is required
to clarify the specific microbial populations affected
by GA and to establish the mechanisms underlying
these microbiota-mediated effects.

6.13 Gastric Cancer

GA has demonstrated potential anticancer activity
against gastric adenocarcinoma. Experimental
findings indicate that GA can inhibit the metastatic
behaviour of gastric adenocarcinoma cells,
potentially ~ through  suppression  of  the
Ras/PI3K/AKT  signalling pathway and the
transcription factor NF-kB. Modulation of these
signalling pathways may contribute to the
antimetastatic effects of GA and its ability to limit
cancer cell progression [48].

Overall, these findings suggest that GA may have
potential as a bioactive compound for targeting
gastric cancer progression and metastasis. Further
investigations are necessary to clarify its molecular
mechanisms and determine its therapeutic efficacy
in appropriate in vivo and clinical models.

6.14 Colorectal Cancer

GAand its derivative 3-O-methylgallic acid (3-
OMeGA) have demonstrated potential anticancer
effects against colorectal cancer. GA and 3-OMeGA
have been reported to reduce the viability of human
colon cancer cells by suppressing cell proliferation
and modulating signalling pathways involving NF-
kB, AP-1, STAT-1, and OCT-1 [49].

GA has also been investigated in polymer-based
delivery systems for colorectal cancer applications.
Nanoparticles composed of GA-grafted chitosan
(GA-g-CS) and casein phosphopeptides (CPPs)
were developed for the delivery of (-)-
epigallocatechin gallate (EGCQG). These
nanoparticles exhibited antioxidant activity and
cytotoxic effects against Caco-2 colon cancer cells,
while incorporation of EGCG further enhanced their
anticancer activity [50]. Similarly, GA-conjugated
chitosan was reported to inhibit pulmonary
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metastasis of CT26 mouse colorectal carcinoma
cells, suggesting potential antimetastatic activity of
GA-based polymeric systems [51].

6.15 Immunomodulatory and Cytoprotective
Activities

GAhas demonstrated immunomodulatory and
cytoprotective effects in various experimental
models. In an allograft model, GA promoted T-cell
differentiation and increased the population of
regulatory T cells (Tregs), while also exhibiting anti-
inflammatory effects. These findings indicate that
GA may have potential in conditions associated with
excessive activation of immune cells [52].

GA has also shown protective effects against
oxidative stress-induced cellular damage in human
lymphocytes, which have been attributed to its
immunomodulatory, antioxidant, and cytoprotective
properties [53]. In human peripheral blood
mononuclear cells, GA reduced the production of
ROS and nitric oxide (NO), suppressed the release
of pro-inflammatory cytokines, and inhibited
phagocyte-induced lymphocyte proliferation [54].
Furthermore, the combination of GA with
asparaginase produced a synergistic effect and
enhanced the antiproliferative activity against
lymphoblastic cells [55]. Several GA derivatives,
including G-4, G-7, G-9, G-10, G-12, and G-13,
have also demonstrated immunomodulatory activity
and showed binding affinity toward IFN-02, IL-6,
and IL-4 receptors. Among these derivatives, G-7
exhibited the highest immunomodulatory activity
[56].

Overall, these findings suggest that GA possesses
diverse immunomodulatory and cytoprotective
properties, with the ability to regulate immune-cell
activity, inflammatory responses, oxidative stress,
and cellular proliferation. These multifunctional
effects further support the therapeutic potential of
GA and its derivatives. However, further in vivo and
clinical investigations are required to establish their
safety, efficacy, and therapeutic relevance in
immune-related disorders.

VII.  Absorption, Metabolism, and

Bioavailability of Gallic Acid
Following oral administration, GA and
tannin-derived  compounds  undergo  various
processes in the gastrointestinal tract before
absorption or microbial metabolism. Hydrolysis of
gallotannins can release free GA in the colon, while
bacterial decarboxylation of gallotannins may

generate pyrogallol along with GA [57].

Although GA has relatively low toxicity,
with an LDso of approximately 5 g/kg in rats, its
rapid metabolism contributes to its limited systemic
bioavailability and absorption [58]. After oral
administration, GA is absorbed and subsequently
metabolised into compounds such as 4-O-methyl-
gallate and pyrogallol. GA reaches its maximum
plasma concentration relatively rapidly and is
subsequently cleared from the circulation, indicating
extensive metabolic processing. The detection of
GA and its major metabolites in urine shortly after
administration further indicates rapid elimination
from the body [59].

Urinary excretion studies have shown that
approximately 16.67% of ingested GA may be
eliminated in its unchanged form, whereas 4-O-
methyl-GA (4-OMeGA) represents a major urinary
metabolite [60]. Following consumption of the
theaflavin galloyl moiety from black tea, the
released GA can undergo further microbial and
metabolic transformation into metabolites such as 3-
O-methyl GA (3-OMeGA), 4-OMeGA, pyrogallol-
1-sulfate, and  pyrogallol-2-sulfate. These
metabolites have been detected in urine, with
reported  urinary recovery accounting  for
approximately 94% of the ingested amount [61].

Collectively, these findings indicate that
GA undergoes extensive metabolism and relatively
rapid elimination following ingestion, which may
limit its systemic availability and therapeutic
effectiveness. Consequently, colloidal and other
advanced delivery systems have been investigated to
improve intestinal absorption and enhance the
bioavailability of GA at target tissues and organs.
This provides a strong rationale for the development
of novel delivery approaches for improving the
therapeutic potential of GA.

VIII.  Extraction, Isolation, and Analytical

Determination of Gallic Acid

The increasing demand for efficient and
reliable methods for the extraction and analysis of
GA has encouraged the development of economical
and environmentally friendly extraction approaches.
Assisted extraction techniques, particularly when
coupled with chromatographic methods such as
high-performance liquid chromatography (HPLC),
are increasingly employed for the recovery and
determination of GA, especially when it occurs at
low concentrations within complex matrices.

The isolation and determination of GA
commonly rely on chromatographic techniques.
Other analytical approaches, including
electrochemical methods and capillary
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electrophoresis, are also used for its detection and
quantification. An appropriate sample preparation
step is essential for separating GA from complex
sample matrices and can improve analytical
performance by enhancing sensitivity, selectivity,
and accuracy [62].

A wide range of techniques can be used for
the extraction and isolation of GA. Conventional

extraction. More advanced approaches include
ultrasound-assisted extraction and microwave-
assisted extraction, which can enhance extraction
efficiency while potentially reducing extraction time
and solvent consumption. In addition, miniaturized
techniques such as liquid-liquid microextraction
(LLME), solid-phase extraction (SPE), and matrix
solid-phase dispersion (MSPD) have been explored

methods include distillation, maceration, reflux for the isolation and preparation of GA from
extraction, reactive extraction, enzyme-assisted complex samples.
extraction, and polyamide  membrane-based
Table 4: Gallic acid isolation and analysis
MATERIALS SAMPLE PREPARATION ANALYTICAL CONDITION Ref.
Tea samples, including Grinding of samples; triple HPLC-DAD;C18column (250 x 4.6 [63]
fermented (black and maceration with 20 mL of 80% mml.D, 5-pm); mobile phase: water-
red), semi-fermented = (v/v) methanol (MeOH) for 3 h = acetic acid, 97:3 v/v (A), MeOH (B);
(oolong), and non- and then twice with 20 mL of gradient elution program: 100%
fermented (green) teas of 80% (v/v) MeOH containing solvent A for 1 min, followed by a
different  geographical 0.15% HCI for 3 h; filtration of linear increase in solvent B to 63% in
origins the obtained extracts 27 min; flow rate: 1 mL L/min;
detection: A =200—400 nm
European red oak = Grinding of the sample into fine HPLC-UV; C18 column (150 x 4.6 [64]
(Quercus robur), North = dust; collecting of oak wood mm, 5 pum); mobile phase: pH 2.7
American white oak dust on the polycarbonate HCOOH(A)and 0.07%
(Quercus alba), blocks membrane filters; filter HCOOHinMeOH(B); gradient
maceration with the = elution: 100% (A) for 20 min, 100%
MeOH/water mixture (80/20 to 20% in 5 min, 20% for 10 min,
v/v) for 60 min; evaporation of 20% to 100% in 5 min, and 100% for
MeOH; LLE with EtAc—-EtOH @ 20 min; flow 0.7 mL/min; A =270 nm
(95/5 v/v) and then evaporation
and reconstitution in 0.07%
HCOOH(100uL,pH2.7);
filtration through a nylon filter
Human plasma and urine =~ Acid hydrolysis; maceration HPLC-UV; Chrospher 100 RP-18 @ [65]
with EtAc; evaporation of column (5 um; 120 X 4mm); method
organic phase; dissolution in the 1: mobile phase (4.4 x 10-3 M
mobile phase phosphoric acid in water); flow 1 mL
L/min; A = 220 nm and
270nm;method 2: mobile phase
water—ACN (97.5:2.5, v/v) modified
with 0.025% phosphoric acid; flow 1
mLL/min;A=220nmand 270 nm
Aqueous solutions Reactive extraction with tri-n- HPLC-DAD;Eclipse XDB-C18 | [66]
caprylylamine in hexanol (0.234 = column (250 x 4.6 mm, 5 um); at 35
mol/L) at 25 °C; filtration °C; mobile phase: ACN (10%) and
through a syringe PVD filte 0.2 mole of the aqueous solution of
acetic acid (90%); flow 1 mL/min; A
=273 nm
Selected polyherbal Maceration in MeOH enhanced HPTLC with the aluminum backed [67]
supplements by shaking for 4 h using a TLC plate coated with the 0.2 mm
magnetic stirrer; filtration of the layer of silica gel (10 x 10 cm);
obtained extract mobile phase: toluene/EtAc/HCOOH
(5:5:1, v/v/v); =254 nm
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IX.  Safety, Toxicity, and Limitations of
Gallic Acid

GA has demonstrated potential therapeutic
benefits; however, its safety profile should also be
carefully considered. In a 13-week toxicity study in
mice, animals were fed diets containing 0, 0.2, 0.6,
1.7, or 5% GA. Administration of GA at
concentrations of 0.6% or higher in males and 5% in
females was associated with reductions in
haemoglobin concentration, hematocrit, and red
blood cell counts, accompanied by an increase in
reticulocyte numbers. Histopathological
examination further indicated the development of
hemolytic anaemia. At the 1.7% dietary level,
centrilobular hepatocellular hypertrophy was also
observed, as reflected by an increase in liver weight
[68].

Overall, these findings indicate that
although GA possesses considerable therapeutic
potential, its effects may be dose-dependent and
excessive exposure may produce haematological
and hepatic alterations. Therefore, appropriate dose
optimisation and comprehensive toxicity evaluation
are essential before its therapeutic application.

X.  Conclusion

GA is a naturally occurring phenolic
compound widely distributed in fruits, vegetables,
beverages, and medicinal plants. Its diverse
physicochemical  characteristics and  broad
biological activities have attracted considerable
interest in the fields of food science, pharmacology,
and medicine. The available evidence indicates that
GA exhibits multiple pharmacological properties,
including antioxidant, anti-inflammatory,
antimicrobial, anticancer, antiplatelet, anti-apoptotic,
antidiabetic, and antiviral activities. In particular, its
ability to modulate oxidative stress and
inflammatory responses appears to contribute
substantially to its protective effects against various
metabolic and chronic diseases.

Evidence from in vitro studies and animal
models suggests that GA may have considerable
potential in the management of diabetes and its
associated complications by improving glucose and
insulin regulation and reducing oxidative stress and
inflammation. Similarly, emerging findings indicate
that GA and its derivatives may exert beneficial
effects on  gastrointestinal  health  through
interactions with the GM and modulation of immune
and inflammatory pathways. The presence of
appreciable amounts of GA in edible and medicinal
plants further supports the potential value of GA-

rich foods and plant-based preparations as sources
of functional ingredients.

Despite these promising findings, the
therapeutic application of GA remains limited by
factors such as its bioavailability, stability,
absorption, metabolism, and the variability of its
concentration among natural sources. Moreover,
much of the existing evidence is derived from in
vitro experiments and preclinical animal studies,
whereas well-designed clinical studies in humans
remain comparatively limited. Therefore, the
reported pharmacological effects should not yet be
interpreted as definitive evidence of clinical
efficacy.

Overall, GA represents a promising
multifunctional bioactive compound with potential
applications in pharmaceuticals, functional foods,
nutraceuticals, and complementary therapeutic
strategies. Further research should focus on
improving its bioavailability and delivery, clarifying
its molecular mechanisms, evaluating possible
synergistic effects with conventional therapies,
establishing appropriate dosage and safety profiles,
and conducting rigorous clinical trials. Such studies
will be essential for translating the promising
preclinical evidence on gallic acid into safe,
effective, and evidence-based applications in human
health.

REFERENCES:

[1]. Fernandes FH, Salgado HR. Gallic acid:
review of the methods of determination and
quantification. Critical reviews in analytical
chemistry. 2016 May 3;46(3):257-65.

[2]. Badhani B, Sharma N, Kakkar R. Gallic acid:
A versatile antioxidant with promising
therapeutic and industrial applications. Rsc
Advances. 2015 Mar 18;5(35):27540-57.

[3]. Chhikara N, Kaur R, Jaglan S, Sharma P, Gat
Y, Panghal A. Bioactive compounds and
pharmacological and food applications of
Syzygium cumini—a review. Food & function.
2018 Dec 1;9(12):6096-115.

[4]. Bajpai B, Patil S. A new approach to
microbial production of gallic acid. Braz J
Microbiol. 2008 Oct;39(4):708-11. doi:
10.1590/S1517-838220080004000021. Epub
2008 Dec 1. PMID: 24031294; PMCID:
PMC3768451.

[5]. Limpisophon K, Schleining G. Use of Gallic
Acid to Enhance the Antioxidant and
Mechanical Properties of Active Fish Gelatin
Film. J Food Sci. 2017 Jan;82(1):80-89. doi:

DOI: 10.5281/zen0do.22857225 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 408



Y
N\

1JPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 5, Sep.-Oct.2026, pp:399-412 www.ijprajournal.com

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

10.1111/1750-3841.13578. Epub 2016 Dec 5.
PMID: 27918620.

Andrade PML, Baptista L, Britto JS,
Uetenabaro APT, Costa AMD. Co-production
of tannase and gallic acid by a novel
Penicillium rolfsii (CCMB 714). Prep
Biochem Biotechnol. 2018;48(8):700-706.
doi: 10.1080/10826068.2018.1487853. Epub
2018 Jul 24. PMID: 30040534.

Sharma KP, John PJ, Goswami P, Soni M.
Enzymatic synthesis of gallic acid from
tannic acid with an inducible hydrolase of
Enterobacter  spp. Biocatalysis and
Biotransformation. 2017 May 4;35(3):177-
84.

King AM, Young G. Characteristics and
occurrence of phenolic phytochemicals.
Journal of the American dietetic association.
1999 Feb 1;99(2):213-8.

Shahrzad S, Bitsch 1. Determination of some
pharmacologically active phenolic acids in
juices by high-performance liquid
chromatography. Journal of chromatography
A. 1996 Aug 16;741(2):223-31.
Tomas-Barberan, F.A.; Clifford, M.N.
Flavanones, chalcones and
dihydrochalcones—Nature, occurrence and
dietary burden. J. Sci. Food Agric. 2000, 80,
1024-1032

Karama¢ M, Kosinska A, Pegg RB. Content
of gallic acid in selected plant extracts. Polish
Journal of Food and Nutrition Sciences. 2006
Mar 31;56(1):55-8.

Sarvamangala D, Babu CR, Sowjanya N.
Production of gallic acid-a short review. Int.
J. Sci. Res. Methodol. 2015;4:125-32.
Erdemgil FZ, Sanli SE, Sanli N, Ozkan G,
Barbosa J, Guiteras J, Beltran JL.
Determination of pKa values of some
hydroxylated benzoic acids in methanol-
water binary mixtures by LC methodology
and potentiometry. Talanta. 2007 Apr
30;72(2):489-96.

Available online: https://hybris-static-assets-
production.s3-eu-west-
1.amazonaws.com/sys-
master/pdfs/h0a/h53/10044523
741214/PL_ST-WB-MSDS-2491833-1-1-
1.PDF

Gallic Acid: Safety Data Sheet according to
Regulation (EC) No. 1907/2006. Available
online: https://www.sigmaaldrich.
com/MSDS/MSDS/DisplayMSDSPage.do?co
untry=PL&language=pl&productNumber=91

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

215&brand=SIAL&PageToGoToURL=
https%3 A%2F%2Fwww.sigmaaldrich.com%
2Fcatalog%2Fproduct%2Fsial%2F91215%3F
lang%3Dpl

Xu H, Zeiger BW, Suslick KS. Sonochemical
synthesis of nanomaterials. Chemical Society
Reviews. 2013 Mar 11;42(7):2555-67.

Yang K, Zhang L, Liao P, Xiao Z, Zhang F,
Sindaye D, Xin Z, Tan C, Deng J, Yin Y,
Deng B. Impact of gallic acid on gut health:

focus on the gut microbiome, immune
response, and mechanisms of action.
Frontiers in immunology. 2020 Sep

16;11:580208.

Zahrani NA, El-Shishtawy RM, Asiri AM.
Recent developments of gallic acid
derivatives and their hybrids in medicinal
chemistry: A review. European journal of
medicinal chemistry. 2020 Oct
15;204:112609.

Olszowy M, Dawidowicz AL, J6zwik-Doleba
M. Are mutual interactions between
antioxidants the only factors responsible for
antagonistic antioxidant effect of their
mixtures?  Additive and  antagonistic
antioxidant effects in mixtures of gallic,
ferulic and caffeic acids. European Food
Research and Technology. 2019 Jul
1;245(7):1473-85.

Olszowy M. What is responsible for
antioxidant  properties of polyphenolic
compounds from plants?. Plant Physiology
and Biochemistry. 2019 Nov 1;144:135-43.

Ji, H.F.; Zhang, H.Y.; Shen, L. Proton
dissociation is important to understanding
structure-activity relationships of gallic acid
antioxidants. Bioorg. Med. Chem. Lett. 2006,
1, 40954098

Lu Z, Nie G, Belton PS, Tang H, Zhao B.
Structure—activity relationship analysis of
antioxidant ability and neuroprotective effect
of gallic acid derivatives. Neurochemistry
international. 2006 Mar 1;48(4):263-74.

D Archivio M, Filesi C, Di Benedetto R,
Gargiulo R, Giovannini C, Masella R.
Polyphenols, dietary sources and
bioavailability. Annali-Istituto Superiore di
Sanita. 2007 Oct;43(4):348.

Cazzola M, Corazzari I, Prenesti E, Bertone
E, Verné E, Ferraris S. Bioactive glass
coupling with natural polyphenols: Surface
modification, bioactivity and anti-oxidant
ability. Applied Surface Science. 2016 Mar
30;367:237-48.

DOI: 10.5281/zenodo.22857225

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 409



Y
N\

1JPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 5, Sep.-Oct.2026, pp:399-412 www.ijprajournal.com

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

Dai J, Mumper RJ. Plant phenolics:
extraction, analysis and their antioxidant and
anticancer properties. Molecules. 2010 Oct
21;15(10):7313-52.

Kamiya T, Kishimoto Y, Tanaka M, Kondo K,
Sasaki M, Iida K, Sato A. Molecular
mechanisms underlying anti-Inflammatory
and antioxidant activities of terminalia
bellirica extract and gallic acid in LPS-
stimulated macrophages. Atherosclerosis
Supplements. 2018 Jun 1;32:126.

Zhu L, Gu P, Shen H. Gallic acid improved
inflammation via NF-kB pathway in TNBS-
induced ulcerative colitis. International
immunopharmacology. 2019 Feb 1;67:129-
37.

Trujillo-Correa Al, Quintero-Gil DC, Diaz-
Castillo F, Quifiones W, Robledo SM,
Martinez-Gutierrez M. In vitro and in silico
anti-dengue activity of compounds obtained
from Psidium guajava through
bioprospecting. BMC complementary and
alternative medicine. 2019 Nov 6;19(1):298.
Erol-Dayi O, Arda N, Erdem G. Protective
effects of olive oil phenolics and gallic acid
on hydrogen peroxide-induced apoptosis.
European  journal of nutrition. 2012
Dec;51(8):955-60.

Sorrentino E, Succi M, Tipaldi L, Pannella G,
Maiuro L, Sturchio M, Coppola R, Tremonte
P. Antimicrobial activity of gallic acid against
food-related Pseudomonas strains and its use
as biocontrol tool to improve the shelf life of
fresh black truffles. International journal of
food microbiology. 2018 Feb 2;266:183-9.

Lu Z, Nie G, Belton PS, Tang H, Zhao B.
Structure—activity relationship analysis of
antioxidant ability and neuroprotective effect
of gallic acid derivatives. Neurochemistry
international. 2006 Mar 1;48(4):263-74.

Li ZJ, Liu M, Dawuti G, Dou Q, Ma Y, Liu
HG, Aibai S. Antifungal activity of gallic acid
in vitro and in vivo. Phytotherapy research.
2017 Jul;31(7):1039-45.

You HL, Huang CC, Chen CJ, Chang CC,
Liao PL, Huang ST. Anti-pandemic influenza
A (HIN1) virus potential of catechin and
gallic acid. Journal of the Chinese Medical
Association. 2018 May 1;81(5):458-68.

Alam P, Parvez MK, Arbab AH, Al-Dosari
MS. Quantitative analysis of rutin, quercetin,
naringenin, and gallic acid by validated RP-
and NP-HPTLC methods for quality control
of anti-HBV active extract of Guiera

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

senegalensis. Pharmaceutical Biology. 2017
Jan 1;55(1):1317-23.

Li D, Liu Z, Yuan Y, Liu Y, Niu E. Green
synthesis of gallic acid-coated silver
nanoparticles with high antimicrobial activity
and low cytotoxicity to normal cells. Process
Biochemistry. 2015 Mar 1;50(3):357-66.

Sun G, Zhang S, Xie Y, Zhang Z, Zhao W.
Gallic acid as a selective anticancer agent that
induces apoptosis in SMMC-7721 human
hepatocellular carcinoma cells. Oncology
Letters. 2016 Jan;11(1):150-8.

Khorsandi K, Kianmehr Z, Hosseinmardi Z,
Hosseinzadeh R. Anti-cancer effect of gallic
acid in presence of low level laser irradiation:
ROS production and induction of apoptosis
and ferroptosis. Cancer cell international.
2020 Jan 13;20(1):18.

Kim YJ. Antimelanogenic and antioxidant
properties of gallic acid. Biological and
Pharmaceutical Bulletin. 2007;30(6):1052-5.
Xu Y, Tang G, Zhang C, Wang N, Feng Y.
Gallic acid and diabetes mellitus: Its
association with oxidative stress. Molecules.
2021 Nov 24;26(23):7115.

Szopa A, Kokotkiewicz A, Bednarz M,
Luczkiewicz M, Ekiert H. Studies on the
accumulation of phenolic acids and
flavonoids in different in vitro culture
systems of Schisandra chinensis (Turcz.)
Baill. using a DAD-HPLC method.
Phytochemistry Letters. 2017 Jun 1;20:462-9.
LoRicco JG, Xu CS, Neidleman J, Bergkvist
M, Greene WC, Roan NR, Makhatadze GI.
Gallic acid is an antagonist of semen amyloid
fibrils that enhance HIV-1 infection. Journal
of Biological Chemistry. 2016  Jul
1;291(27):14045-55.

Liu Y, Carver JA, Calabrese AN, Pukala TL.
Gallic acid interacts with a-synuclein to
prevent the structural collapse necessary for
its aggregation. Biochim Biophys Acta. 2014
Sep;1844(9):1481-5. doi:
10.1016/j.bbapap.2014.04.013. Epub 2014
Apr 25. PMID: 24769497.

Esmaeilzadeh M, Heidarian E, Shaghaghi M,
Roshanmehr H, Najafi M, Moradi A, Nouri
A. Gallic acid mitigates diclofenac-induced
liver toxicity by modulating oxidative stress
and suppressing [L-If gene expression in
male rats. Pharm Biol. 2020 Dec;58(1):590-
596. doi: 10.1080/13880209.2020.1777169.
PMID: 32633182; PMCID: PMC7470116.

DOI: 10.5281/zenodo.22857225

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 410



Y
N\

1JPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 5, Sep.-Oct.2026, pp:399-412 www.ijprajournal.com

[44].

[45].

[46].

[47].

[48].

[49].

[50].

[51].

Sousa JN, Paraiso AF, Andrade JMO, Lelis
DF, Santos EM, Lima JP, Monteiro-Junior
RS, D'Angelo MEFSV, de Paula AMB,
Guimardes ALS, Santos SHS. Oral gallic acid
improve liver steatosis and metabolism
modulating hepatic lipogenic markers in
obese mice. Exp  Gerontol. 2020
Jun;134:110881. doi:
10.1016/j.exger.2020.110881. Epub 2020 Feb
19. PMID: 32084535.

Variya BC, Bakrania AK, Patel SS.
Antidiabetic potential of gallic acid from
Emblica officinalis: Improved glucose
transporters and insulin sensitivity through
PPAR-y and Akt signaling. Phytomedicine.
2020 Jul 15;73:152906. doi:
10.1016/j.phymed.2019.152906. Epub 2019
Apr 1. PMID: 31064680.

Shi X, Xiao C, Wang Y, Tang H. Gallic acid
intake induces alterations to systems
metabolism in rats. J Proteome Res. 2013 Feb
1;12(2):991-1006. doi: 10.1021/pr301041k.
Epub 2012 Dec 31. PMID: 23231653.

Miller TL, Wolin MJ. Fermentations by
saccharolytic intestinal bacteria. Am J Clin
Nutr. 1979 Jan;32(1):164-72. doi:
10.1093/ajen/32.1.164. PMID: 760499.

Ho HH, Chang CS, Ho WC, Liao SY, Wu
CH, Wang CJ. Anti-metastasis effects of
gallic acid on gastric cancer cells involves
inhibition of NF-kappaB activity and
downregulation of PI3K/AKT/small GTPase
signals. Food Chem Toxicol. 2010 Aug-
Sep;48(8-9):2508-16. doi:
10.1016/j.fct.2010.06.024. Epub 2010 Jun 18.
PMID: 20600540.

Forester SC, Choy YY, Waterhouse AL,
Oteiza PI. The anthocyanin metabolites gallic
acid, 3-O-methylgallic acid, and 2,4,6-
trihydroxybenzaldehyde decrease human
colon cancer cell viability by regulating pro-
oncogenic signals. Mol Carcinog. 2014
Jun;53(6):432-9. doi:  10.1002/mc.21974.
Epub 2012 Nov 2. PMID: 23124926.

Hu B, Wang Y, Xie M, Hu G, Ma F, Zeng X.
Polymer nanoparticles composed with gallic
acid grafted chitosan and bioactive peptides
combined antioxidant, anticancer activities
and improved delivery property for labile
polyphenols. Journal of Functional Foods.
2015 May 1;15:593-603.

Lee HL, Choi CW, Kim J, Cha B, Nah JW,
Hong JS, Hwang SC, Jeong YI, Kang DH.
Antimetastatic Activity of Gallic

[52].

[53].

[54].

[55].

[56].

[57].

[58].

[59].

Acid-conjugated Chitosan against Pulmonary
Metastasis of Colon Carcinoma Cells.
Bulletin of the Korean Chemical Society.
2018 Jan;39(1):90-6.

Hyun KH, Gil KC, Kim SG, Park SY, Hwang
KW. Delphinidin chloride and its hydrolytic
metabolite gallic acid promote differentiation
of regulatory T cells and have an
anti-inflammatory effect on the allograft
model. Journal of food science. 2019
Apr;84(4):920-30.

De Bona KS, Bonfanti G, Bitencourt PE, da
Silva TP, Borges RM, Boligon A, Pigatto A,
Athayde ML, Moretto MB. Protective effect
of gallic acid and Syzygium cumini extract
against oxidative stress-induced cellular
injury in human lymphocytes. Drug and
chemical toxicology. 2016 Jul 2;39(3):256-
63.

Jantan I, Ilangkovan M, Yuandani, Mohamad
HF. Correlation between the major
components of Phyllanthus amarus and
Phyllanthus urinaria and their inhibitory
effects on phagocytic activity of human
neutrophils. BMC complementary and
alternative medicine. 2014 Nov 1;14(1):429.
Sourani  Z, Shirzad H, Shirzad M,
Pourgheysari B. Interaction between gallic
acid and asparaginase to potentiate anti-
proliferative  effect on  lymphoblastic
leukemia cell line. Biomedicine &
Pharmacotherapy. 2017 Dec 1;96:1045-54.
Yadav DK, Khan F, Negi AS. Pharmacophore
modeling, molecular docking, QSAR, and in
silico ADMET studies of gallic acid
derivatives for immunomodulatory activity.
Journal of molecular modeling. 2012
Jun;18(6):2513-25.

Kawabata K, Yoshioka Y, Terao J. Role of
Intestinal Microbiota in the Bioavailability

and Physiological Functions of Dietary
Polyphenols. Molecules. 2019 Jan
21;24(2):370. doi:
10.3390/molecules24020370. PMID:

30669635; PMCID: PMC6359708.

Shahrzad S, Aoyagi K, Winter A, Koyama A,
Bitsch I. Pharmacokinetics of gallic acid and
its relative bioavailability from tea in healthy
humans. The Journal of nutrition. 2001 Apr
1;131(4):1207-10.

Zong L, INOUE M, NOSE M, KOJIMA K,
SAKAGUCHI N, ISUZUGAWA K,
TAKEDA T, OGIHARA Y. Metabolic fate of
gallic acid orally administered to rats.

DOI: 10.5281/zenodo.22857225

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 411



W7
N\

1JPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 5, Sep.-Oct.2026, pp:399-412 www.ijprajournal.com

[60].

[61].

[62].

[63].

[64].

[65].

[66].

[67].

[68].

DOI: 10.5281/zenodo.22857225

Biological and Pharmaceutical Bulletin. 1999
Mar 15;22(3):326-9.

Ma FW, Deng QF, Zhou X, Gong XJ, Zhao Y,
Chen HG, Zhao C. The tissue distribution and
urinary excretion study of gallic acid and
protocatechuic acid after oral administration
of Polygonum capitatum extract in rats.
Molecules. 2016 Mar 24;21(4):399.

Ma FW, Deng QF, Zhou X, Gong XJ, Zhao Y,
Chen HG, Zhao C. The tissue distribution and
urinary excretion study of gallic acid and
protocatechuic acid after oral administration
of Polygonum capitatum extract in rats.
Molecules. 2016 Mar 24;21(4):399.
Wianowska D, Gil M. Critical approach to
PLE technique application in the analysis of
secondary metabolites in plants. TrAC Trends
in  Analytical Chemistry. 2019 May
1;114:314-25.

Cabrera C, Giménez R, Lopez MC.
Determination of tea components with
antioxidant activity. Journal of agricultural
and food chemistry. 2003 Jul 16;51(15):4427-
35.

Midmmeld P, Tuomainen A, Savolainen H,
Kangas J, Vartiainen T, Lindroos L.
Determination of gallic acid in wood dust as
an indicator of oak content. Journal of
Environmental ~ Monitoring. 2001  Oct
11;3(5):509-11.

Shahrzad S, Bitsch I. Determination of gallic
acid and its metabolites in human plasma and
urine by high-performance liquid
chromatography. Journal of Chromatography
B: Biomedical Sciences and Applications.
1998 Jan 23;705(1):87-95.

Athankar, K.K.; Wasewar, K.L.; Varma,
M.N.; Shende, D.Z. Reactive extraction of
gallic acid with tri-n-caprylylamine. New J.
Chem. 2016, 40, 2413-2417.

Ranjana, A.M.; Mishra, A.; Gupta, R.
Determination of gallic acid and B-sitosterol
in poly-herbal formulation by HPTLC.
Pharm. Pharmacol. Int. J. 2016, 4, 373-379.
Asci H, Ozmen O, Ellidag HY, Aydin B, Bas
E, Yilmaz N. The impact of gallic acid on the
methotrexate-induced kidney damage in rats.
journal of food and drug analysis. 2017 Oct
1;25(4):890-7.

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 412



